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ABSTRACT
We use GALEX /optical photometry to construct color-color relationships for early-type galaxies sorted by mor-
phological type. We have matched objects in theGALEX GR1 public release and the first IR1.1 internal release, with
the RC3 early-type galaxies having a morphological type5:5  T < 1:5, with mean error on T < 1:5 and mean
error on (B V )T < 0:05. After visual inspection of each match, we are left with 130 galaxies with reliable GALEX
pipeline photometry in the far-UVand near-UV bands. This sample is divided into ellipticals (5:5  T < 3:5) and
lenticulars (3:5  T < 1:5). After correction for Galactic extinction, the color-color diagrams FUV NUV
versus (B V )Tc are plotted for the two subsamples. We find a tight anticorrelation between the FUV NUV and
(B V )Tc colors for ellipticals, with the UV color getting bluer when the (B V )Tc gets redder. This relationship
very likely is an extension of the color-metallicity relationship in the GALEX NUV band. We suspect that the main
source of the correlation is metal line blanketing in the NUV band. The FUV NUV versus B V correlation has
larger scatter for lenticular galaxies; we speculate that this reflects the presence of low-level star formation. If the latter
objects (i.e., those that are blue both in FUV NUV and in B V ) are interpreted as harboring recent star formation
activity, this would be the case for a few percent (4%) of ellipticals and15% of lenticulars; this would mean about
10% of early-type galaxies have residual star formation in our full sample of 130 early-type galaxies. We also plot
FUV NUV versus the Mg2 index and central velocity dispersion. We find a tight anticorrelation between FUV
NUV and the Mg2 index; we suspect that this reflects blanketing in the NUV band being correlated with overall met-
allicity. We find a marginal anticorrelation of FUV VT with Mg2 for elliptical galaxies.
Subject headings: galaxies: elliptical and lenticular, cD — galaxies: photometry — galaxies: stellar content —
ultraviolet: galaxies
1. INTRODUCTION
The far-UV radiation from early-type galaxies, first detected by
theOrbiting Astronomical Observatory-2 in 1969 (Code&Welch
1979), is now thought to be producedmainly by low-mass, helium-
burning stars in extreme horizontal-branch (EHB) and subse-
quent phases of evolution. O’Connell (1999) has extensively
reviewed the data and the theoretical ideas that contributed to
this interpretation.
This minority population of evolved stars has attracted atten-
tion beyond the domain of UVobservations for several reasons.
First, their characterization sheds light on poorly known phases of
stellar evolution and associated astrophysical processes (giant-
branch mass loss, helium enrichment) that are otherwise difficult
to investigate. Second, their evolution has to be understood for
more precise modeling of old stellar populations (Charlot et al.
1996) and for using the look-back time of their appearance
as constraints on the age of elliptical galaxies (e.g., Greggio &
Renzini 1990; Bressan et al. 1996; Yi et al. 1999; Lee et al. 2005).
Last, because they are hot, these evolved stars may hide young
stars that may trace departure from purely passive evolution, a
long-sought feature in the discussion of monolithic versus hier-
archical scenarios of galaxy formation.
The most recent advances on the observational front have
come from UV images with theHST that, at the distance of M32
and the bulge of M31, resolved some of the UVemission into
bright stars (Brown et al. 1998, 2000). Recently, a deep UV
color-magnitude diagram with the HST STIS has confirmed a
well-populated EHB in M32 but found fewer post-AGB stars
thanwould have been expected in that population (Brown 2004),
revealing a possible discrepancy with current evolution theory.
Albeit extremely powerful, such direct observations of individual
stars are limited to very few objects and will stay so for the fore-
seeable future.
A large sample of early-type galaxies is reachable only through
integrated light measurements. Following the early observations
reviewed by O’Connell (1999), such a possibility is now offered
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by the extensive survey made with the GALEX mission (Martin
et al. 2005). This survey provides two UV broadband measure-
ments, the far-UV at ke ¼ 1528 8 (FUV) and the near-UV at
ke ¼ 2271 8 (NUV). The importance of having a NUV band
like the NUV band ofGALEX has been addressed by Fanelli et al.
(1988) and Dorman et al. (2003) and its potential for revealing a
young stellar component illustrated by Ferreras & Silk (2000)
withHSTobservations of a cluster at z ¼ 0:41. In a galaxywith no
current star formation, the NUV light near 2000 8 is dominated
largely by turnoff and subgiant stars, with some radiation from
blue horizontal-branch (HB) stars if present. The FUV radiation
at 1500 8 and shortward is dominated by hot evolved stars, but
the nature of these stars remains unsettled. The UV light is of great
interest because the UV wavelengths are most sensitive to trace
‘‘residual’’ star formation in elliptical galaxies. In addition to
being sensitive to residual star formation at the present epoch, the
NUV band is particularly sensitive to the normal passive evolu-
tion of a stellar population with look-back time. Color-color di-
agrams are therefore powerful diagnostics of evolution, residual
star formation, and UV-bright populations of evolved stars.
UVobservations of elliptical galaxies with GALEX have al-
ready been reported. Lee et al. (2005) have addressed the issue
of observing the UVemission in clusters at different redshifts.
Rich et al. (2005) and Yi et al. (2005) have studied samples of
early-type galaxies where the GALEX photometry has been
matched with galaxies in the SDSS main galaxy sample. The
first paper concentrates on the FUVYoptical color in quiescent
early-type galaxies for studying the population responsible for
the UV rising flux; the second paper concentrates on the NUV
color-magnitude relation, the scatter of which is interpreted in
terms of residual star formation (see also Kaviraj et al. 2007;
Schawinski et al. 2007). Boselli et al. (2005) have studied a
sample of early-type galaxies with a large range of luminosity
in the Virgo Cluster. Last, early-type galaxies are included in
the GALEX Nearby Galaxy Survey (NGS) of Gil de Paz et al.
(2007).
Following the completion of the GALEX survey over a signif-
icant fraction of the sky, this paper can now present the UVob-
servations of nearby early-type galaxies (elliptical/ lenticular), with
a morphological type selection based on the Third Reference
Catalogue of Bright Galaxies (RC3; de Vaucouleurs et al. 1991)
and an emphasis on UV-optical color-color diagrams.
2. DATA
2.1. GALEX Observations
The Galaxy Evolution Explorer (GALEX ) is a NASA Small
Explorer mission launched by a Pegasus-XL vehicle on 2003
April 28 into a 690 km circular orbit. The instrument is designed
to image a 1.2 diameter circular field of viewwith its resolution
of 4.500 (FUV), 6.000 (NUV) set by detector electronics and to
perform imaging or spectroscopy in twoUVbands simultaneously,
FUV (1344Y1786 8) and NUV (1771Y2831 8). The imaging
surveys include an all-sky imaging survey (AIS; mAB ’ 20:5), a
medium imaging survey of 1000 deg2 (MIS; mAB ’ 23:0), a
deep imaging survey of 100 deg2 (DIS;mAB ’ 25:0), and a NGS.
TheGALEX instrument and mission are described byMartin et al.
(2005) and Morrissey et al. (2005). All observations are per-
formed in a pointed mode with an arcminute spiral dither. From
the time-tagged photon lists, the data analysis pipeline generates
integrated images. The data pipeline includes a photometric mod-
ule which uses the SExtractor program (Bertin & Arnouts 1996)
for detection and photometry of the sources in the imaging data,
with some modifications in the determination of sky background.
The GALEX pipeline makes a few different measurements of the
UVflux of a source. In the followingwe use theUVfluxmeasured
through seven circular apertures with fixed diameters (3.000, 4.500,
7.500, 12.000, 18.000, 25.500, and 34.500) and two elliptical aper-
tures whose major-axis DNUV and DFUV are scaled to 2.5 times
the Kron diameter (Kron 1980) determined in the NUVand FUV
images, respectively.
GALEX uses the ABmagnitude system of Oke&Gunn (1983),
with the FUV and NUV magnitude defined by
mUV ¼ m0  2:5 log fUV;
where fUV is the count rate (flat-field-corrected) and m0 is the
zero point (m0 ¼ 20:082 and 18.817 for NUVand FUV, respec-
tively) corresponding to the AB magnitude of 1 count s1 flat-
field-corrected detection. The uncertainty on the GALEX zero
points is estimated to be0.15 mag for both the FUVand NUV
channels.
2.2. Morphological Selection in the RC3 Catalog
The RC3 catalog is reported to be reasonably complete for
galaxies having apparent diameters larger than 10 at the D25
isophotal level13 and total B-band magnitudes BT brighter than
about 15.5, with a redshift not in excess of 15,000 km s1.
Additional objects meeting only the diameter or the magnitude
condition and objects of interest smaller than 10, fainter than
15.5, or with redshifts >15,000 km s1 are also included in the
RC3. The total number of RC3 objects is 23,022; of them, 1103
have (B V )T measurements14 and are classified as ellipticals
or lenticulars/S0s, which correspond to values of the numerical
index 5:5  T < 0:5.
In order to obtain a reliable subsample of early-type galax-
ies, we select only the sources with morphological types in the
range5:5  T < 1:5, with mean error on T < 1:5 andmean
error on (B V )T < 0:05; this leads to an RC3 subsample of
875 galaxies.
2.3. Resulting Sample
In the RC3 subsample of 875 early-type galaxies, 138 (i.e.,
16%) are in the fields observed in the FUV and NUV bands
byGALEX in the AIS,MIS, andNGS included in the GR1 public
release and the first IR1.1 internal release.
Because the coordinates in the RC3 are not very accurate, we
have searched for UV counterparts within a radius of 1.50 and
examined individually each field in the FUV, NUV, and POSS
I E images; this is possible because the objects are relatively
bright and small in number. After visual inspection we find 130
galaxies with a reliable GALEX pipeline photometry; 6 have
doubtful photometry because of serious blend with close sources
(PGC 42620, 69260, 26377, 2569, 13457, and 14375), and 2 are
not detected in the FUV because of short exposures (PGC 65580
and 68241). Since 130 of the 138 galaxies have reliable UV pho-
tometry, we conclude that our sample is not UV magnitude-
limited and could indeed be representative of the RC3 magni-
tude- and diameter-limited sample. The 130 early-type galaxies
of our resulting sample are listed in Table 1 with some relevant
information.
13 D25 is the apparent major isophotal diameter measured at or reduced to
surface brightness level B ¼ 25:0.
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Our sample includes 15% of the RC3-selected early types,
without strong biases in the distribution of morphological types,
BT magnitudes, (B V )T color, or D25 diameter (Fig. 1). We
conclude that our sample is relatively well representative of the
early-type galaxies in the RC3.
The apparent magnitudes were corrected for galactic extinc-
tion using the Schlegel et al. (1998) reddening maps and assum-
ing the extinction law of Cardelli et al. (1989). The resulting
ratio of the extinction in the GALEX bands to the color excess
E(B V ) are AFUV/E(B V ) ¼ 8:376 and ANUV/E(B V ) ¼
8:741 (Wyder et al. 2005). Themean color excess due to the Ga-
lactic extinction is E(B V ) ’ 0:04. The optical color (B V )T
is converted into the AB system and corrected for Galactic ex-
tinction by (B V )Tc ¼ (B V )T  0:119 E(B V ). Since
the median redshift of our sample is z  0:01, no K-corrections
are applied.
3. ANALYSIS
3.1. FUV NUV versus (B V )Tc Color-Color Diagram
We have chosen to display our data in a FUV NUV versus
(B V )Tc color-color diagram (Fig. 2). This choice, instead of
a color-magnitude diagram, allows us to avoid significant dis-
persion due to uncertainties in distance (our sample of nearby
galaxies spans a redshift range 0 < z < 0:045). The choice of
the FUV  NUV color, based on GALEX measurements alone,
minimizes instrumental inhomogeneities. The FUV NUVcolor
is calculated using the FUVand NUVmagnitudes (Table 1) mea-
sured by theGALEX pipeline through the elliptical aperturewhose
major axis is scaled to 2.5 times the Kron diameter determined in
the NUV images. We emphasize that the UV color is calculated in
the same aperture. The major diameter DNUV of this aperture
(Table 1) is similar to the D25 values given in the RC3.
Our sample of early-type galaxies is divided into 56 ellipti-
cals (defined as galaxies with morphological type5:5  T <
3:5) and 74 lenticulars (defined as galaxies with morphologi-
cal type 3:5  T < 1:5). The color-color diagram clearly
shows a tight anticorrelation between the FUV NUV and
(B V )Tc colors for elliptical galaxies: the UV color decreases
when (B V )Tc increases (Fig. 2a). The amplitude range in the
UV color is 2 mag, against only 0.2 mag in (B V )Tc. When
the two galaxies off the correlation are excluded, the correla-
tion coefficient is r ¼ 0:73. This value reaches 0.84 if we
select ellipticals with a mean error on (B V )Tc < 0:02. For
the early-type galaxies with morphological types in the range
3:5 < T < 1:5 that are lenticular galaxies (Fig. 2b), the
relation is more dispersed, and a larger fraction of objects are
off the correlation.
Because elliptical galaxies exhibit a FUV optical color gra-
dient where the inner regions are slightly bluer than the outer
parts (e.g., Ohl et al. 1998; Rhee et al. 2005), we have examined
how this gradient may affect the UV color in different apertures.
The GALEX pipeline allows us to calculate the mean FUV
NUV color in seven circular apertures with diameters fixed at
3.000, 4.500, 7.500, 12.000, 18.000, 25.500, and 34.500 and through two
elliptical apertures whose major-axis DNUV and DFUV are scaled
to 2.5 times the Kron diameter determined in the NUV and
FUV images, respectively. As expected, the mean FUV NUV
color becomes bluer when the aperture radius decreases. In our
sample, the difference between the mean color in the 34.500 cir-
cular aperture and the mean color in the DNUVelliptical aperture
is only 0.03 mag. There is no significant difference between the
mean colors when the UV fluxes are measured through theDNUV
or DFUV elliptical apertures.
Gil de Paz et al. (2007) have presented the integrated pho-
tometry, surface brightness, and color profile for a total of 1034
nearby galaxies observed byGALEX. They obtain a main differ-
ence of 0:19  0:20 and 0:23  0:20 between the asymp-
totic magnitudes and the D25 aperture magnitudes for the FUV
and NUV, respectively, resulting in a difference of 0.04 in the
FUV NUV color. Their sample includes 48 ellipticals (5:5 
T < 3:5, mean error on T < 1:5) and 49 lenticulars (3:5 
T < 1:5, mean error on T < 1:5) with FUV and NUVasymp-
totic magnitudes and B, V measurements. Among them, 73 are
in common with our sample. The comparison of our FUVand
NUV with asymptotic magnitudes measured by Gil de Paz et al.
shows a mean difference of 0:06  0:27 and 0:19  0:20
in the FUV and NUV, respectively. Our UV magnitudes are
very close to the integrated aperture magnitudes in D25 ellip-
ses. The mean differences are 0:03  0:18 for NUVD25 NUV
and 0:06  0:21 for FUVD25  FUV. The similarity of the D25
and DNUV diameters explains the small differences between the
NUVD25 , FUVD25 aperture magnitudes and those used in this
paper.
We conclude that the FUV NUV colors obtainedwith large
apertures or asymptotic photometry are very similar for our sam-
ple. The trends in the FUV NUV diagrams versus (B V )Tc
are not significantly affected, even if the strength of the relations
is slightly changed (the correlation coefficient is 0.61 for the
elliptical galaxies in common with the Gil de Paz et al. [2007]
sample and asymptotic magnitudes).
3.2. UV Color versus Mg2 and Velocity Dispersion
Using IUE observations of early-type galaxies, Faber (1983)
and Burstein et al. (1988) found that the nuclear (1550 V )
colors become bluer as the nuclear Mg2 spectral line index in-
creases. Burstein et al. (1988) also found significant correlations
between 1550 V and the central velocity dispersion. More re-
cently, using a large sample of SDSS early-type galaxies observed
by GALEX, Rich et al. (2005) reported the lack of a significant
correlation between the (FUV r) color and the Lick Mg2 index
or the velocity dispersion, while Boselli et al. (2005) found a mild
trend between FUV NUV and Mg2 in a sample of early-type
galaxies in the Virgo Cluster.
Fig. 1.—Characteristics of our sample. Shown are the numbers of galaxies
(in logN ) in our sample (hatched histograms) compared to the early-type
galaxies (5:5 < T < 1:5) in the RC3 catalog entries having (B V )T
measurements in bins of (a) morphological type T, (b) BT magnitudes, (c)
(B V )T colors, and (d )D25 diameter. The values of BT and (B V )T are in the
magnitude system adopted in the RC3.
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We have plotted in Figure 3 the FUV NUV and FUV VT
colors versus the Mg2 index and the central velocity dispersion
V for our sample. The Mg2 index comes from the compilation
of Golev & Prugniel (1998), and the V comes from the LEDA
database.15
Figure 3 (top) shows clearly that the FUV NUV color of
ellipticals becomes bluer as the spectral line index Mg2 in-
creases. The same trend appears between the UV color and the
central velocity dispersion V . It should be noted that the Mg2
and V values given by Golev & Prugniel (1998) and the LEDA
database are standardized to an aperture of 0.595 h1 kpc (equiv-
alent to an angular diameter of 3.400 at the distance of the Coma
Cluster). We have checked that when the FUV NUV colors
are calculated in a similar aperture (by linear interpolation be-
tween the UV flux measured by the GALEX pipeline through
seven circular apertures), the trends in Figure 3 (top) are not sig-
nificantly affected. These correlations are the opposite of the
well-known dependence of B V color on metal abundance
or central velocity dispersion and are not surprising, since, as
shown in x 3.1, there is an anticorrelation between the FUV
NUV and B V colors. If we consider that the velocity is a
mass indicator, the more massive ellipticals tend to be bluer in
FUV NUV. If the velocity dispersion also correlates with
the galaxy age (Thomas et al. 2005; Ziegler et al. 2005), the
bluest in UV color would be the oldest. Lenticulars show a sim-
ilar trend, but a larger fraction of galaxies are off the correlation.
The correlations found above with the FUV NUV color
(Fig. 3, top) for the subsample of morphological ellipticals be-
come marginal (not visible against velocity dispersion) with the
FUV VT color and suffer far greater scatter (Fig. 3, bottom).
For instance, the correlation coefficient with the Mg2 index de-
creases from 0.83 to 0.63 (NGC 855 and NGC 6482 ex-
cluded). This is expected because the FUV VT color is not as
homogeneous in terms of instrument and photometric aperture
as the FUV NUV color. The correlations with the FUV VT
color are not visible for the lenticular subsample, suggesting
that the selection of the sample is, in addition to the homogeneity
of the UV color, a factor in the strength of the correlation.
For the morphological ellipticals only, we recover an approx-
imation of the correlation between FUV VT and Mg2 index
that was seen by Burstein et al. (1988) in IUE data. However,
Burstein et al. also saw a correlation with velocity dispersion that
we do not recover here, and the lenticular subset also fails to
show a correlation. In comparison with Rich et al. (2005), our
elliptical subset has been selected to be uniform in morphology,
exhibits a tight color-color correlation, and covers a wide range
in the Mg2 index. These factors may have favored our detection
of the mild correlation we report here.
3.3. Discussion
Before any interpretation of the color-color diagrams of Fig-
ure 2, we have evaluated the possible UV flux contamination
from AGN activity by measuring the contribution of the central
part of the galaxies to the UVemission. This evaluation is pos-
sible because the major part of the galaxies in our sample are
spatially resolved relatively well byGALEX. We have estimated
the UV flux in the central 600 aperture (the typical angular reso-
lution of GALEX ) by linear interpolation between the UV flux
measured by the GALEX pipeline through the 4.500 and 7.500
Fig. 2.—Color-color diagrams FUV NUV vs. (B V )Tc for the elliptical and lenticular subsamples. The elliptical subsample (a) shows a clear anticor-
relation. Two galaxies, PGC 12922 and PGC 8557 (NGC 855), are off the correlation. NGC 855 appears similar to an E6 or E7 galaxy on the POSS plate, whereasHST
observation of the inner structure clearly shows features of an edge-on late-type galaxy (Phillips et al. 1996), and Walsh et al. (1990) find an extended H i distribution
using the VLA. PGC 12922 is the peculiar blue galaxy Haro 20. The lenticular subsample (b) shows a more dispersed anticorrelation and a larger fraction of galaxies off
the correlation. Open circles indicate the galaxies for which the NUVor FUV flux contribution in a central 600 aperture is larger than 30%. Small filled circles indicate
galaxies with major isophotal diameter logD25 < 1 (i.e., major isophotal diameter<1
0). We conclude that we are seeing an extension of the color-metallicity relationship
for early-type galaxies into the UV (see text). The larger scatter and greater number of outliers suggests that lenticulars have a more complex star formation history.
15 Available at http:// leda.univ-lyon1.fr.
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apertures. Among the 119 galaxies with logD25 > 1 (i.e., major
apparent diameter >6000), we find 3 galaxies in the NUV band
and 8 in the FUV band for which the central (<600) UV flux
(stellar population + AGN) is >30% of the total UV flux. These
galaxies, likely candidates for AGNs, are indicated in Figure 2
(open circles). The trends in the color-color diagrams are not
affected by the possible AGN activity.
From Figure 2 it appears that morphological elliptical galaxies
follow a much tighter anticorrelation between FUV NUV and
B V than the lenticular galaxies.We propose that we are seeing
a metallicity-driven correlation, with the greater dispersion for
the lenticulars arising from residual star formation. We suspect
that blanketing in the NUV band (consider this band an extended
U band) is the primary driver of this observed correlation. The
light in the NUV bandpass is dominated by the hottest stars in an
old stellar population, which would be turnoff and subgiant stars,
or blue HB stars if present. Any young stellar population would
make the FUV NUV and B V colors simultaneously bluer,
according to their current spectral energy distribution. It is also
conceivable that factors such as age, metallicity, mass, or a com-
bination of these, currently advocated for the spread in theB V
colors of early-type galaxies, may redden the B V color while
simultaneously decreasing the NUVand/or increasing the FUV
radiation and making the FUV NUV bluer. Figure 4 clearly
shows a positive correlation between the NUV VT and B V
colors and amarginal anticorrelation between the FUV VT and
B V colors for ellipticals. This is consistent with our sugges-
tion that the stars contributing to the color-color correlation are
likely old metal-rich stars, with the dominant contributors in the
NUVband being the turnoff and subgiant stars (e.g., Dorman et al.
2003). The tight correlation for the ellipticals appears consistent
with little intrinsic variation, from galaxy to galaxy, of the hot
stellar populations (e.g., post-AGB or EHB stars) dominating
the FUV band. The dominant driver in this color-color relation-
ship appears to be metallicity and (in the case of lenticulars) star
formation.
It is of interest to check how these results compare to the
predictions of the stochastic library of model star formation
histories used by Salim et al. (2005) to interpret the seven-band
photometry of the combined sample of GALEX and SDSS gal-
axies. We note that this library is based on the Bruzual & Charlot
(2003) population synthesis models, which were not optimized
to describe the UV upturn of early-type galaxies (in these mod-
els, the UV light of old stellar populations is produced primarily
by post-AGB rather than EHB stars). First, the anticorrelation
between the FUV NUV and B V colors is very well repro-
duced (Fig. 5a) if we select models representative of old galaxies
(mean age of star formation episodes in the 8Y12 Gyr interval)
with low extinction (V < 0:5). These galaxies formed the bulk
of their stars at z > 1 (assuming M ¼ 0:3,  ¼ 0:7, H0 ¼
70 km s1 Mpc1). The spread in UVand B V colors can be
easily reproduced by the variation of metallicity, galaxies with
high metallicity values (1:0 < Z/Z < 2) being bluer in UV
color (FUV NUVP 1:2), while the galaxies with low metal-
licity (0:2 < Z/Z < 1:0) are redder (FUV NUVk 1:2). The
models have old stellar populations, but the only hot star
Fig. 3.—FUV NUVand FUV VT colors vs.Mg2 index and central velocity dispersion V . TheMg2 and V values come from the compilation of Golev& Prugniel
(1998) and the LEDA database, respectively. The elliptical subsample shows an anticorrelation (FUV NUV color decreases when Mg2 or V increases) which is re-
versed in sense from the well-known dependence of B V color on metal abundance or central velocity dispersion. This correlation gets worse with either the FUV VT
color or the lenticular subsample. The symbols are the same as in Fig. 2.
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contributors are post-AGB stars which do not have a metallicity
dependence in the models and are not the contributors favored
by the most recent observations (Brown et al. 2000; Brown
2004). This suggests again that blanketing in NUV is presum-
ably the main cause of the agreement between the models and
theUV color-color correlation for ellipticals. The FUVfluxwould
therefore be dominated by hot stars (whose post-AGB in themod-
els is only proxy) that would have low blanketing, as suggested by
the spectra of Brown et al. (1997). The stars providingmost of the
NUV flux would be those near the main-sequence turnoff.
Second, the departure from the trend (or the simultaneous
decrease of the FUV  NUV and B V colors) is well repro-
duced with the models with a mean age of star formation epi-
sodes in the 4Y12 Gyr interval (Fig. 5b) and can be interpreted
as recent star formation activity. We expect low impact of the
internal extinction in the scatter in Figure 5 because the inter-
nal extinction is generally very small in most nearby early-type
(Dorman et al. 2003) galaxies, and the FUV NUV color is es-
sentially reddening-free for moderate amounts of reddening. In
fact, the color-color correlation may prove to be a powerful de-
tector of weak star formation activity. Figure 2 shows that it
may be the case for 4% of the ellipticals and about 15% of the
lenticulars. This would mean about 10% of early-type galaxies
have residual star formation in our full sample of 130 early-type
galaxies. This number is lower than the fraction of 15% reported
by Yi et al. (2005) with a different approach based on a NUV
color-magnitude relation and the sample of galaxies identified as
early type by Bernardi et al. (2003) in the SDSS. That the deri-
vation of this number depends on the selection criteria used to
define the sample of early-type galaxies is shown directly by our
approach; the fraction of early-type galaxies with signs of star
formation increases from 4% to 15% when selecting the RC3
morphological types 3:5 < T < 1:5 instead of 5:5 < T <
3:5. It is likely that a number of the features leading to a non-
classification in the types 5:5 < T < 3:5 are somewhat re-
lated to star formation activity. At large distances, selection of
early-type objects based on concentration index, luminosity pro-
file, and spectra may naturally lead to a larger fraction of residual
star formation. Conversely, it should be possible to combine a
color selectionwith themorphological selection of nearby galaxies
that would retain only passively evolving early-type galaxies and
no residual star formation.
Another illustration of how the fraction of early-type galaxies
with residual star formation depends on the selection of the ob-
jects is shown by Boselli et al. (2005); their sample of early-type
galaxies in the Virgo Cluster contains a large fraction of dwarf
galaxies whose colors, different from those of giant ellipticals,
are interpreted in terms of recent star formation activity.
4. CONCLUSIONS
From the cross-match of the GALEX observations with the
RC3 catalog, we have obtained a reliable sample of 130 early-
type galaxies, divided in two subsamples: 56 ellipticals (5:5 
T < 3:5) and 74 lenticulars (3:5  T < 1:5). The main
results are as follows:
1. There is an anticorrelation between the FUV NUV and
(B V )Tc colors (the UV color decreases by 2 mag when
(B V )Tc increases by 0.2 mag) in the elliptical subsample. This
relation is more dispersed, and a larger fraction of objects are
off the correlation in the lenticular subsample. We conclude that
this correlation reflects an extension into the UVof the color-
metallicity relationship for ellipticals and is mainly driven by
metal line blanketing in the NUV band. Most of the flux in this
band would originate from stars near the main-sequence
turnoff while the FUV flux is dominated by hot evolved stars
whose precise nature has yet to be determined.
2. There is a clear correlation between the FUV NUV
color and the Mg2 spectral index (also velocity dispersion) for
the elliptical subsample. However, this correlation gets worse
Fig. 4.—Color-color diagramsNUV VT and FUV VT vs. (B V )Tc. The
symbols are the same as in Fig. 2.
Fig. 5.—Comparison of the observed colors (crosses) as displayed in Fig. 2
with the stochastic realizations of model star formation histories as generated
by Salim et al. (2005) from the Bruzual & Charlot (2003) population synthesis
models (open circles). (a) Stochastic realizations representative of old galaxies:
exponentially declining star formation law [SFR(t) / exp (t)] with  > 0:9,
mean age of star formation episodes in the 8Y12 Gyr interval, and low extinction
(effective V-band absorption optical depth V < 0:5). (b) Same selection but with
a mean age of star formation episodes in the 4Y12 Gyr interval. The models well
reproduce both the tight anticorrelation between the UVand B V colors for the
elliptical subsample (a) and the scatter for the lenticular subsample (b).
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with either the FUV VT color or the lenticular subsample (to
the point of disappearing with a combination of both). We con-
clude that this correlation is an additional aspect of the color-
metallicity relationship we noted earlier.
3. The anticorrelation between FUV NUV color and B V
is especially tight for morphological ellipticals while showing
more scatter for lenticulars. We find this to be a sensitive means
of detecting residual star formation; 10% of our sample shows
evidence for residual star formation. We are able to model this
effect using the Bruzual & Charlot (2003) models.
4. The trends found either diminish in quality ( less tight re-
lations, large number of outliers) or disappear from the elliptical
to the lenticular subsample. Relevant properties of early-type gal-
axies are therefore crucially dependent on how strictly the sample
of these objects is defined.
The sample of 130 galaxies presented in this paper represents
15% of the reliable early types of the RC3 catalog; when the
GALEX survey is completed we can expect to multiply by a
factor of 6 the number of early-type galaxies in the sample.
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